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Effect of Organic Matter Decomposition 
on the Solubility and Fixation of 
Phosphorus in Alkaline Soils 
H. F. RHOADES 1 
Department of Agronom y 
Remarkable increases in yields of crops have been obtained by the 
application of treble superphosphate to many soils in the irrigated section 
of western Nebraska . These increases have been obtained for the most 
part on calcareous soils that are high in total phosphorus but low in 
soluble phosphorus. The supply of available nitrogen is low in these 
soils and consequently it has been necessary to plow under legumes for 
green manure and to apply all the manure obtainable. The fact that 
good yields of crops have been obtained by such applications to soils 
known to be deficient in soluble phosphorus suggests that the soluble phos-
phorus supply may also have been increased by manure and green manure. 
Such an increase may be due to phosphorus liberated from the organic 
materials or to the solvent action on the native soil phosphorus of acids 
resulting from the decomposition of organic matter. 
It is the purpose of this bulletin to report a laboratory study on the 
effects of organic matter decomposition on the solubility and fixation of 
phosphorus in alkaline soils. The study included the following: ( 1) a 
comparison of the effects of a decomposing organic material with those 
of a physiologically acid nitrogen ferti lizer, and (2) a comparison of the 
effects of different organic materials of varying phosphorus contents. 
REVIEW OF LITERATURE 
It has been generally observed that the application of manure to irrigated 
alkaline soils has greatly increased crop yields. This was at first attributed 
to an addition of readily available nitrogen in the manure. However, it 
has been pointed out by Das (10), Hibbard (17), and Pittman (27) that 
applications of manure actually increased the soluble phosphorus in such 
soils. 
Several investigators (5, 8, 16, 23) have reported that the addition of 
crop residues and green manures increased the supply of available phos-
phorus in soils. It has also been shown that the important organic phos-
phorus compounds found in such materials are readily made available 
(2, 23, 29). Spencer and Stewart (33) studied the penetration of soluble 
organic and inorganic compounds in calcareous soils and found a high 
fixation with little penetration for the inorganic compounds but a very 
low fixation and a high penetration for the organic compounds. 
Chapman (8) found that on calcareous soils the availability of phos-
phorus to Sudan grass was increased by the use of physiologically acid
nitrogen fertilizer such as urea and ammonium sulfate. Other investigators 
1 The w riter w ishes to exp ress his apprec iat ion to Professor J. C. Russe l for his sugges tio ns and 
criti cisms and to Mr. Hubert Allaway for assista nce wi th the analytica l pa rt of the study. 
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(9, 21, 25) showed an increase in soluble phosphorus upon add itions of 
urea to soils. 
It is generally considered that the native phosphorus in alkaline soils 
occurs as some form of calcium phosphate. Gemmerling ( 14) concluded 
that the native phosphorus in chernozem soils is tri-calcium phosphate. 
In calcareous soils the native phosphorus may be a carbonato-apatite (7, 
22) or a hydroxy-apatite (4). 
McGeorge and Breazeale (22) reported that native phosphorus is most 
insoluble in soils with a pH of 8.0 to 8.5. The pH of the soil may not 
only affect the solubility of the native soil phosphorus but above a pH 
of 7.6 the phosphorus may occur in a form that is difficult for plants to 
absorb (6). A study (19) of crop responses to phosphate fertilizer on a 
large number of calcareous soils in Colorado showed no definite relation 
between pH of soil and crop response. 
Scarseth (30) showed that the addition of calcium to an acid clay in-
creased phosphate adsorption . With additions of calcium above the 
saturation capacity a precipitation of calcium phosphate occurred. In the 
presence of excess calcium carbonate all of the phosphorus was made in-
soluble. A number of other investigators (1, 3, 11, 12, 24, 26, 34, 35) have 
reported that the addition of soluble calcium salts and calcium carbonate 
caused a precipitation of the soluble phosphates. 
Soils with a high clay content are known to fix soluble phosphates to 
a much greater extent than sandy soils. Scarseth and Tidmore (3 1) found 
it necessary to apply 2,000 pounds of 16 per cent superphosphate per acre 
to obtain satisfactory yields on a calcareous Black Belt soil which had a 
colloid content of 50 per cent. They recommended that phosphates be 
in a pellet form to prevent such rapid fixation. Other investigators ( 18, 
20, 33) consider the method of phosphate placement to be extremely im-
portant in calcareous soils because of the rapid fixation in such soils. 
These studies suggest that organic matter will influence the solubility 
and fixation of phosphorus in alkaline soils and that its influence will be 
greatly affected by such soil factors as pH, calcium-carbonate content, clay 
content, and calcium-ion concentration of the soil solution. 
DESCRIPTION OF SOILS 
The soils used in this investigation were bulk samples taken to a depth 
of six inches from the unphosphated portions of four cultivated fields in 
the North Platte valley of Scotts Bluff county, Nebraska. The descriptions 
are as follows: 
Soil ]-Minatare silt loam.- This soil is a first-bottom soil of generally 
poor internal and surface drainage. At a depth of eight to ten inches it 
has a layer about four inches thick of heav ier texture, puddled structure, 
and a cheesy consistency. This layer greatly interferes with the pene-
tration of irrigation water. The water table is encountered at a depth of 
about three and one-half fee t. The soil is highly calcareous throughout 
its profile and the soluble salt content is so high in local areas as to prevent 
growth of crops. At the time of sampling, this soil was in sugar beets. 
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The application of phosphate fe rtilizer increased the yield about 400 per 
cent that season. 
Soil 2-Mitchell silt loam.- This soil occurs on a high bench and is 
developed from materials washed down from higher areas. It is a uni-
form, light-brown, mealy silt loam to a depth of 36 inches. It contains 
a moderate amount of calcium carbonate and a rather high content of 
soluble salts. This soil when sampled was in alfalfa, which showed a 
very great response to phosphate fertilizer. 
Soil 3-Mitchell very fin e sandy loam.- Thi s soil is a grayish brown 
very fine sandy loam to a depth of 36 inches. It contains only a slight 
amount of carbonates in the surface and the soluble salt content is low. 
The field was in alfalfa and was very productive without the use of phos-
phate fertilizer. 
Soil 4-Tripp very fine sandy loam.-This soil is found on well-drained 
bench land. The surface soil to a depth of nine inches is a mealy brown, 
very fin e sa ndy loam moderately supplied with organic matter. Between 
9 and 27 inches there is no change in texture but the color is considerably 
lighter. There is no carbonate present to a depth of 36 inches . The field 
was in bea ns and was very productive without the use of phosphate 
fertilizer. 
The moisture equivalent, soluble salt content, carbonate content, pH, 
and phosphate response of the bulk samples are presented as follows . 
Field response 
Soil Moisture Soluble Carbonates pH to phosphate 
No. equivalent sa lts as Ca COR fe rtili zer 
% % % 
I 24.5 0.15 13.80 8.4 Strong 
2 22.8 0.58 3.90 7.8 Strong 
3 16.3 0.06 0.3 4 8.0 None 
4 19.0 0.05 0.03 7.4 No ne 
EXPERIMENT AL PROCEDURE 
Treatments 
The treatments in Series 1 were made to compare the influence of the 
decomposition of an organic material with that of a physiologically acid 
nitrogen fertilizer on the solubility and fixation of phosphorus. Finely 
ground sugar beet tops, including parts of the crown customarily removed 
in topping beets, were used for the organic material. Urea was used for 
the physiologically acid nitrogen fertilizer. The urea and sugar beet tops 
were applied in amounts to give 700 parts of nitrogen per million of soil. 
In addition, the sugar beet tops supplied P205 to the extent of 120 parts 
per million of soil. These treatments were given the four soils with and 
without application of treble superphosphate at the rate of 500 ppm. of 
soluble P20 5. 
The treatments in Series 2 were designed to compare the effects of 
the decomposition of different organic materials containing varying quan-
tities of phosphorus. The treatments included wheat straw, potato tops, 
6 A GR ICU LT URAL E XPERI MENT S TATION R ESEARC H B U LLE TI N 113 
suga r beet tops, alfa lfa roots, alfa lfa tops, and horse manure, all finely 
ground. T hese were added to Soils 1 and 4 at a rate of 15 tons of dry 
matter in two milli on pounds of soil. This amount was considered to be 
equivalent in dry weight to a 50-ton application of ordinary moist barn-
yard ma nure. In addi tion urea and ammonium sulfa te were applied to 
these soils at a rate of 350 parts of nitrogen per million of soil. 
Method of Incorporation and Incubation 
W ater was added slowly to the bulk sa mple of sieved air-dry soil until 
a moisture content somewhat below moisture equivalent was obtained. 
Two portions, each containing 1500 grams of oven-d ry soil, we re weighed 
out for each treatment. The treatments were thoroughly mixed with the 
samples and additional water was added to give each soil its moisture-
equivalent wetness. The samples were then placed in two-quart Mason 
jars and compacted to a volume weight of 1.0. They were then incubated 
at 25 ° C. in a constant-temperature room fo r va rying periods up to 22 
weeks, water being added frequently to keep the soils at moi,ture-equivalent 
wetness . A quantity equi valent to approximately 250 g rams of oven-
dry soil was removed at each sampling period from one jar of each treat-
ment. The duplicate jars were sampled alternately. After each sa mpling 
all the sa mples were thoroughly mi xed and compacted aga in to a volume 
weight of 1.0. 
Analytical Methods 
In Series 1, soluble phosphorus, nitrate nitrogen, and pH determinations 
were made at two-week intervals fo r 10 weeks and at fo ur-week intervals 
fo r an additional 12 weeks. Similar determinations were made in Series 2 
by two-week intervals fo r 14 weeks. The phosphorus and calcium con-
tents of the displaced soil solutions were determined after 8 and 22 
weeks of incubation in Series 1 and after 8 and 14 weeks in Series 2. 
N itrate nitrogen at each sampling period was determined immediately 
on a portion of the fresh sa mple by the phenoldisulphonic acid method. 
The pH determinations were made on air-dried portions by a colori-
metric method developed by J. C. Russel and reported in detail by G reen-
awalt ( 15). 
Soluble phosphorus was determined by leaching a mixture of air-dri ed 
sample equ ivalent to 80 grams of soil and 80 grams of washed quartz sa nd 
with two liters of a solution buffered to the initial pH of the soil (28) . 
The solution was 0.01 normal to sodium carbonate and potassium chloride, 
with sufficient boric acid to give the desired pH. It was necessary to add 
potassium chloride to obtain clea r percolates from Soil 1. T he sa nd was 
added to facilitate percolation of the same soil. The apparatus used fo r 
the percolation, the method of packing the soil, and the colorimetric pro-
cedure used fo r determining the phosphorus contents of the percolates were 
reported by Rhoades and Russel (28) . The siphons were made of capillary 
tubing with tips constricted and adjusted to drop 120 cc. per hour. T he 
percolates were obtained in two 250-cc. portions and three 500-cc. portions 
and analyzed separa tely. 
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The soil solution was displaced by a method described by Rhoades and 
Russel (28) except that 400-gram samples were used instead of 1,000-gram 
samples. The phosphorus content of the soil solution was determined by 
the method reported above. 
Calcium was determined on the displaced soil solution by the soap 
titration method of Schreiner and Failyer (32) with the following modifica-
tions. Sodium oleate solution of a concentration approximately equivalent 
to 1 mg. of calcium in 6 cc. was prepared. A standard calcium sulfate 
solution equivalent to 1 mg. in 5 cc. was also prepared. The soap solution 
was then standardized with 5-, 10-, and 15-cc. portions of the standard 
calcium sulfate solution. The results were graphed and this graph was 
used for reading the milligrams of calcium in the unknown solution. 
A brief description of the procedure for determining the calcium 
content of an unknown solution is as follows: Measure a quantity of 
unknown solution into a stoppered bottle and dilute to approximately 50 
cc. Add 6 cc. of alkaline tartrate solution and mix. Then add sodium 
oleate solution about 1 cc. at a time from a burette, shaking with each 
addition, until near the end point. Now add the soap solution by 0.2-cc. 
portions until the characteristic foam is obtained. The end point is better 
recognized as a foam that persists for about one minute after the bottle 
has been given one or two violent flips with the wrist, than as a foam that 
persists after violent shaking. If the titration requires more than 12 cc. 
or less than 6 cc. of soap solution, repeat the procedure with smaller or 
larger amounts of the unknown solution. 
EFFECTS OF THE DECOMPOSITION OF UREA AND 
SUGAR BEET TOPS-SERIES 1 
Nitrate nitrogen was determined at each incubation period to indicate 
the degree of decomposition of urea and sugar beet tops. Maximum 
nitrification of urea was obtained at four, six, eight, and fourteen weeks 
in Soils 1 to 4 respectively. Maximum nitrification of sugar beet tops oc-
curred at the fourteenth-week incubation period in all the soils. Much less 
of the total nitrogen added was recovered as nitrates from the . decomposi-
tion of sugar beet tops than from the decomposition of urea. However, 
nitrate production alone is not an adequate measure of the completeness 
of decomposition of the sugar beet tops. 
The decomposition of sugar beet tops had no appreciable effect on 
the pH at any stage of incubation. Urea lowered the pH of all the soils. 
The maximum reductions in pH were as follows: Soil 1, 8.4 to 7.5; Soil 2, 
7.8 to 7.2; Soil 3, 8.0 to 6.5; and Soil 4, 7.4 to 5.0. Phosphate applications 
had no effect on the pH of Soil 1 but they did lower the pH of the other 
soils slightly. 
Soluble Phosphorus 
Table 1 shows the amounts of P 20 5 removed in two liters of percolate 
at different stages of incubation. After 22 weeks of incubation, the soils 
were percolated with 10-liter portions of solution. Table 2 shows the 
amounts of P 20 5 removed in successive liter percolates. Table 3 shows 
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T ABLE 1.-Efjects of applications of treble superphosphate, urea, and sugar 
beet tops on the phosphorus removed in two liters of percolate. Data 
are in parts of P2 Q 5 per million of soil . 
Incubation I No 11 
en od rn P k trea tment 
wee 'S 
2 
4 
6 
8 
10 
14 
18 
22 
2 
4 
6 
8 
10 
14 
18 
22 
2 
4 
6 
8 
10 
14 
18 
22 
2 
4 
6 
8 
10 
14 
18 
22 
2.30 
2.0 8 
2.68 
2.26 
2.2 8 
2.86 
2.71 
2.13 
6.89 
7.09 
8.26 
10.00 
9.63 
9.92 
IO.SO 
9.34 
10.59 
10.33 
12.55 
15. 49 
14.53 
16.65 
18.50 
14.5 1 
12.4 1 
11 .23 
14.46 
14.00 
IS.I I 
17.39 
18.53 
14.07 
Urea 
2.4 8 
2.24 
2.32 
2.11 
2.82 
3.32 
2.83 
2.22 
IO.SO 
9.88 
11.01 
12.70 
11.05 
13.47 
13.38 
11.79 
11.24 
14.15 
18.20 
24.84 
25.44 
24.26 
29.32 
21.36 
12.5 8 
26.21 
20.98 
2 1.72 
24.75 
3 1.57 
31.56 
23.79 
Sugar 
beet 
tops 
SO IL 
8.2 1 
7.18 
8.52 
10.33 
15.94 
14.07 
12.22 
11.12 
SO IL 2 
21.93 
16.02 
20 .05 
20.46 
28.92 
34 .61 
38 .05 
26.4 1 
SOIL 3 
29.4 1 
22.74 
31.84 
32 .24 
41.40 
39.5 1 
49. 12 
42.38 
SOIL 4 
24.25 
22 .70 
27.28 
33.37 
43.56 
42.64 
48.l 0 
39.21 
1 500 ppm. P::?05 added as treb le superphosphate. 
I Phos-phate' 
236.77 
114.37 
104.34 
112.98 
135.5 1 
129.2 1 
100.21 
74.09 
30 1.51 
281.34 
292 .80 
303.76 
273.12 
233 .33 
211.34 
168.77 
346.47 
215 .62 
200.52 
182.90 
257.90 
186.3 1 
203.04 
115.47 
317.7 1 
215.08 
278.30 
283.38 
303.37 
279.65 
298.09 
207.03 
Phos- I Phosphate ' 
phate 1 + 
+ urea suga r beet tops 
129.14 
71.59 
84 .76 
88.48 
111.93 
86.06 
66.53 
57.97 
212.1 4 
126.29 
142.73 
142 .2 7 
167.50 
146.8 1 
155.74 
121.54 
159.58 
103.66 
125.20 
148.61 
154.17 
128.00 
159.83 
102.66 
230.91 
197.86 
212.90 
214.65 
255 .07 
238.53 
223.55 
173.37 
189.98 
126.56 
149.35 
175.06 
162 .90 
159.49 
143.06 
126.36 
272.02 
197.96 
207.43 
246.45 
249.29 
229.44 
262.48 
199.63 
273.13 
I 71.29 
284.47 
276.90 
283.77 
259.96 
282.84 
208.27 
304.20 
284.65 
310.76 
33 1.01 
393. 11 
323 .62 
326.13 
24 1.49 
the solubility and recovery of P 2 0 5 due to the various treatments as cal-
culated from the data in T able 2. 
Urea increased the solubility of phosphorus in the unphosphated samples. 
As measured by two liters of percolate, the increases at the end of the 
experiment were approximately 5, 25, 47, and 69 per cent for Soils 1 to 4 
respectively. The increases measured by 10 liters of solution were approxi-
mately 5, 9, 32, and 17 per cent respectively . 
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TARLE 2.- Efjects of applications or treble superphosphate, urea, and sugar 
beet tops on the phosphorus removed in 10 consecutive liter portions of 
percolate after 22 weeks' incubation. The data are in parts of P2 0 5 per 
million of soil. 
Consecu- Phos-tive Sugar Phosphate 1 No Phos- phate 1 liter Urea beet phate 1 + + treatment suga r beet tops perco- tops 
urea laces 
SOIL 1 
1 0.95 0.88 4.88 31.1 1 20.08 66.46 
2 1.1 8 1.34 6.2 4 42.98 37 .89 59.90 
3 1.66 1.90 5.88 30.00 31.45 41.65 
4 1.94 2.31 5.64 26.37 25. 16 34 .23 
5 1.94 1.86 4.86 24.85 21.10 31.10 
6 1.89 2.22 4.87 20.81 21.5 4 27.75 
7 1.94 1.89 4.86 19.44 19.44 20 .81 
8 1.89 1.69 4.62 16.65 15.55 19.44 
9 1.85 1.80 4.00 16.65 14.79 16.65 
10 1.66 1.78 3.69 15.16 14.20 16.65 
Tota l in 
10 liters 16.90 17.67 49.54 244.02 221.20 334.64 
SOIL 2 
I 3.49 5.41 15.63 97.29 64 .49 107.07 
2 5.85 6.38 10.78 71. 48 57.05 92.56 
3 4.95 5.55 7.21 41.63 41.63 84.40 
4 4.22 4.44 7.90 38.86 33.30 42 .20 
5 3.00 3.00 5.89 23 .00 19.99 31.21 
6 2.77 2.83 5.55 19.99 18.49 23.86 
7 2.43 2.43 4.60 14.80 13.89 21.44 
8 2.43 2.36 3.89 15.46 13.88 I 9.10 
9 2.42 2.39 3.69 12.95 12.95 16.1 7 
10 2.31 2.09 3.55 12.95 12.95 13.87 
Total in 
10 liters 33.87 36.80 68.69 348.4 l 288.62 45 1.88 
SOIL 3 
1 9.2 7 14.7 1 30.82 78.50 7 1. 03 132.07 
2 5.24 6.65 11.56 36.97 3 1.63 72.20 
3 3.23 3.2 3 7.22 26.35 20.97 55 .30 
4 3.05 3.46 6.38 27.75 24.97 42.57 
5 2.05 2.3 I 3.88 15.54 16.45 22.20 
6 2.47 2.91 4.88 22.20 22.53 27.74 
7 1.94 3.05 3.66 13.12 16.87 17.12 
8 2.07 2.61 3.44 12.65 16.5 1 18.56 
9 1.59 1.94 2.50 9.44 7.40 12.20 
10 1.46 1.94 2.22 8.32 7.03 11.10 
Total in 
IO liters · 32.37 42.8 1 76.56 250.84 235.39 415.06 
1 550 ppm. P20 5 added as treb le superphosphate. 
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T ABLE 2.- Eflects of applications of treble superphosphate, urea, and sugar 
beet tops on the phosphorus removed in 10 consecutive liter portions 
of percolate after 22 weeks' incubation . The data are in parts of P2 0 5 
per million of soil. ( Continued .) 
Consecu- Phos-ti ve Sug ar Phosphate 1 No P hos- p hate 1 liter Urea beet phate 1 + + treatm ent suga r beet tops pe rco- tops 
urea I ates I 
S01L 4 
1 8.34 13.25 26.44 153.93 126.20 159.29 
2 5.73 10.5 4 12.77 53.1 0 47.1 7 82.20 
3 3.69 7.22 6. 85 33 .20 38.85 66.20 
4 4.07 4.66 6.47 19.97 25 .25 34.80 
5 3.1 2 3.33 4.66 15.10 19.08 26.35 
6 3.42 2.42 4.66 10.36 15.3 1 20 .20 
7 2.27 1.66 2.5 6 10.12 7.40 17.75 
8 3.12 1.46 2.09 10. 19 8.22 11.85 
9 2.96 1.11 2.27 10.19 6.7i 12.67 
JO 3.29 1.1 l 2.50 11.84 6.73 12 .2 0 
Tota l in 
10 li ters 40.0 l 46.76 7 1.27 328.00 301.3 8 443 .91 
1 500 pp m . P20 5 added as treb le superphosphate, 
With the phosphated samples, urea decidedly accelerated the normal 
course of fixa tion . After two weeks ' incubation with urea the recoveries 
of the added phosphate, as measured by two liters of percolate, were ap-
proximately 25, 40, 30, and 44 per ce nt for Soils 1 to 4 respectively. At 
the same period , the recoveries without urea were 47, 59, 67, and 61 per 
cent respectively. After 22 weeks the differences we re less. With urea 
the recoveries in two liters of percolate were 11 , 22 , 16, and 30 per cent 
whi le without urea the recoveries were 14, 32, 20, and 39 per cent 
respectively fo r Soils 1 to 4. The recoveri es of the added phosphate re-
moved in 10 liters of solution were approximately 41 , 51, 38,. and 51 per 
cent respecti vely for Soils 1 to 4 treated with urea, compared to recoveries 
of 45 , 63, 44, and 58 per cent for the samples without urea . 
When suga r beet tops were decomposed in the unphosphated soils 
there we re decided increases in soluble phosphorus. T he increases were 
generally p rogressive with the period of incubation. Assuming that these 
increases res ulted from the phosphorus released by the decomposing suga r 
beet tops, the recoveries of the applied phosphorus removed in two liters 
of solution after 22 weeks' incubation were approximately 8, 14, 23, and 
21 per cent respectively fo r Soils 1 to 4. However, after leaching with 10 
liters of solution the recoveries were approximately the same fo r the four 
soils. The amounts of P 2 0 5 removed in 10 liters of solution were in-
creased by 32 .64, 34.82, 44.19, and 31.21 ppm. respectively fo r Soils 1 to 
4. A study of the data in T able 2 shows that the rem.oval of phosphorus 
from Soil 1 was much more gradual than for the other three soils. 
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TABLE 3.- Percentage recovery of applied phosphorus as m easured by the 
removal in 10 liters of percolate after 22 weeks incubation. The data 
are in parts PoO, per million of soil ( sum marized fro m Table 2). 
-
Recovery in 
10 liters 
Total ppm. 
Increase ;Jpm. 
Recovery, % :! 
Total ppm. 
Increase ppm. 
Recovery, ~'6 ::: 
No 
treat-
ment 
16.90 
33.87 
Total ppm. 32.37 
Increase ppm. 
Recovery, % 2 
Total ppm. 
Increase ppm. 
Recovery, ~'6 ::: 
40.01 
Urea 
17.67 
0.77 
4.6" 
38.80 
2.93 
8.63 
42.8 1 
10.44 
32.33 
46.76 
6.75 
16.9' 
Sugar 
beet 
tops 
SOIL 1 
49.54 
32.64 
27.3 
So1L 2 
68.69 
34.82 
29.0 
Sou., 3 
76.56 
44. [ 9 
36.7 
SOIL 4 
71.27 
31.26 
26.3 
1 500 ppm . P::iOu added as treble superphosphate. 
Phos-
phate ' 
244.02 
227.12 
15.4 
348.41 
314.54 
62.9 
250.84 
2 18.47 
43.7 
328.00 
287.99 
57.6 
Phos-
pha te 1 
+ 
urea 
221.20 
203.53 
40.7 
288.62 
252 .82 
50.6 
235.39 
l 92.58 
38.5 
301.38 
254.62 
50.9 
Phos-
phate ' 
+ sugar 
beet tops 
334.64 
285.10 
57.0 
451.88 
383 .1 9 
76.6 
4 15.06 
338.50 
67.7 
443.91 
372.64 
75.5 
2 The recoveries for the phosph;-ited samples were calcukned on the basis of 500 ppm. P:!05 :tdded in 
the phosphate. In the unphosph:i.ted samples the recoveries due to applicatio n of sugar beet lOJ)S 
were calculated on the basis of 120 ppm. l\Or. added in the tops. 
3 Increased solubility rather tha n percentage recovery. 
At first the sugar beet tops depressed the recovery of the phosphorus 
from the phosphated samples but later increased recoveries were obtained . 
This was true for the first period only with Soils 1 and 4 and for the first 
two periods with Soil 3. With Soil 2 this depression continued during 14 
weeks. At the end of the 22 weeks' incubation period, the total recovery 
of added phosphates in two liters of solution from Soil 1 was 115 ppm. 
of P 2 0 5 on the basis of the unphosphated sample treated with sugar beet 
tops. A recovery of 115 ppm. is approximately 23 per cent of the 500 ppm. 
of P 20 5 added in the phosphate. Simila rly, the recoveries for Soils 2 to 
4 were approximately 34, 33, and 40 per cent. The recoveries from the 
phosphated samples without urea or sugar beet tops were approximately 
14, 32, 20, and 39 per cent for Soils 1 to 4 respectively. Greater differences 
were obtained when measured by the removal in 10 liters of percolate. 
Recoveries of approximately 57, 77, 68, and 75 per cent were obtained for 
the samples of Soils 1 to 4, treated with sugar beet tops, while the recov-
eries for the phosphated samples receiving no other treatments were ap -
proximately 45, 63, 44, and 58 per cent respectively. 
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Soil Solution 
In Table 4 the calcium and phosphorus contents of the displaced soil 
solutions are given for the 22 weeks' incubation period. In addition the 
pH and nitrate contents are reported for the same period. 
The nitrification of urea greatly increased the calcium content of the 
displaced soil solution, while the decomposition of sugar beet tops in-
creased it to a lesser degree. The application of the phosphate had no 
appreciable effect. In general the increase in calcium content of the soil 
solution was related to the increase in nitrate production due to the treat-
TABLE 4.-Efjects of application of treble superphosphate, urea, and sugar 
beet tops on the pH, nitrate nitrogen, and the Ca and ? 2 0 5 content of 
the displaced soil solution. Data are in parts N, Ca, and ? 2 0 5 per 
million of soil. 
None 
Urea 
Treatment 
Sugar beet tops 
Phosphate 
Phosphate + urea 
Phosphate + sugar beet tops 
None 
Urea 
Sugar bee t tops 
Phosphate 
Phosphate + urea 
Phosphate + suga r beet tops 
None 
Urea 
Sugar beet tops 
Phosphate 
Phosphate + urea 
Phosphate + sugar bee t tops 
None 
Urea 
Sugar beet tops 
Phosphate 
Phosphate + urea 
Phosphate + sugar beet tops 
Total 
nitrogen 
added 
Total 
P205 
added 
ppm . 
None 
700 
700 
None 
700 
700 
None 
700 
700 
None 
700 
700 
None 
700 
700 
None 
700 
700 
None 
700 
700 
None 
700 
700 
ppm . 
SOIL 1 
None 
None 
120 
500 
500 
620 
SOIL 2 
None 
None 
120 
500 
500 
620 
SOIL 3 
None 
No ne 
120 
500 
500 
620 
SOIL 4 
None 
None 
120 
500 
500 
620 
_A 1 tcr LL w e':'. ks· in cub Jtion 
pH 
of 
soi l 
8.3 
7.6 
8.1 
8.3 
7.6 
8.0 
7.7 
7.5 
7.8 
7.4 
7.4 
7.6 
7.6 
6.9 
7.6 
7.4 
6.6 
7.5 
7.2 
5.1 
7.4 
6.8 
5.1 
7.2 
I Nitrate\ Soil so lution content 
of soil ' Ca P205 
ppm. 
of N 
92 
652 
304 
89 
7 18 
252 
68 
684 
167 
63 
652 
177 
69 
657 
175 
65 
630 
204 
50 
706 
199 
47 
475 
J 73 
ppm. 
42 
365 
176 
64 
360 
97 
274 
759 
382 
285 
69 1 
375 
74 
580 
240 
78 
583 
275 
31 
487 
223 
55 
43 1 
278 
ppm. 
0.04 
0.05 
0. 13 
0.60 
0.27 
0.37 
0.08 
0.10 
0.25 
1.68 
0.99 
1.56 
0.11 
0.11 
0.34 
1.72 
1.07 
1.43 
0.08 
0.21 
0.33 
3.64 
5.14 
2.06 
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ment. The calcium content of the soil solution displaced from Soil 2 was 
outstandingly high compared to the other three soils. 
Urea had no appreciable effect on the P 20 5 content of the soil solution 
displaced from the unphosphated samples of Soils 1 to 3 bu t depressed the 
P 20 5 content of the solutions d isplaced from the unphosphated samples 
of the same soils. However, with Soil 4 the urea increased the P20 5 con-
tent of the displaced solution for both the phosphated and unphosphated 
samples. 
Sugar beet tops increased the P 20 5 content of the solution displaced 
from the unphosphated samples of all the soils. With the phosphated 
samples treated with sugar beet tops, the concentrations were in every case 
less than those obtained from the samples receiving phosphate only. These 
latter data are just the reverse of those obtained for the recovery of the 
applied phosphate when percolated with 2 or 10 liters of solution. 
Discussion 
The increased solubility of soil phosphorus in alkaline soils due to the 
nitrification of a physiologically acid nitrogen fe rtilizer depends largely 
on the reduction of the pH of the soil. In this experiment the nitrification 
of urea g reatly increased the calcium content of the soil solution and at the 
same time lowered the pH. In the calcareous soils minimum pH values 
of 7.5 and 7.2 were obtained for Soils 1 and 2 respectively and the in-
creased solubilities of phosphorus were small. Apparently the pH was 
not lowered sufficiently to permit an appreciable increase in the solubility 
of soil phosphorus in the presence of such a large quantity of soluble 
calcium. On the other hand, in the non-calcareous soils minimum pH 
values of 6.5 and 5.0 were obtained for Soils 3 and 4 respectively. In the 
latter soils the pH was apparently lowered sufficiently to permit an in-
creased solubility of soil phosphorus in the presence of considerable soluble 
calcium. 
The increased soluble phosphorus resulting from the decomposition 
of sugar beet tops is largely due to the phosphorus released from the 
decomposing organic material. Since the decomposition of the sugar beet 
tops had no appreciable effect on the pH of these soils, it seems reasonable 
that the solubility of the native soil phosphorus would not be affected. 
U rea accelerated the fixation of phosphorus in the phosphated samples. 
Since the urea treatments greatly increased the soluble calcium, an ap-
preciable precipitation of the soluble phosphate would be expected regard-
less of the pH. The apparent acceleration of fixation at first by the de-
composing sugar beet tops was undoubtedly due to the g reat biological 
activity. However, later increases in solubility of phosphorus indicated a 
retardation of fixation. It is probable that certain humates found in the 
decomposition prevented the phosphate from being precipitated. Fleig ( 13) 
found that a humus substance dissolved from one part of brown coal by 
alkali was sufficient to hold four parts of P 20 5 in solution through a pH 
range of 4.2 to 8.0 when calcium salts were added. 
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EFFECTS OF THE DECOMPOSITION OF ORGANIC MATERIALS 
OF VARYING PHOSPHORUS CONTENTS.-SERIES 2 
As in Series 1, nitrate nitrogen was determined at each incubation 
period to indicate the degree of decomposition of the added materials. 
U rea and ammonium sulfa te were nitrified completely within fo ur weeks 
in Soil 1, and to a high degree of completeness within six weeks in Soil 4. 
The minimum pH values were 7.7 and 7.6 in Soil 1 fo r the urea and 
ammonium sulfa te t reatments respectively, while in Soil 4 the minimum 
values were 5.9 and 5.0. N one of the other treatments had any appreciable 
effect on pH . Wheat straw and horse manure depressed nitrate produc-
tion throughout the 14 weeks. Potato tops and alfa lfa roots had a de-
pressing effect at the beginning but at the end this was not significant. 
A lfa lfa tops increased the nitrate content of the soil at all the stages of 
incubation. These results indicate that there was considerable decomposition 
of the residues in every instance. 
Soluble Phosphorus 
T able 5 shows the amounts of P 20 5 removed in two liters of percolate 
at various periods of incubation and the increases due to the treatments. 
T able 6 shows the amounts of P 20 5 removed in ten liters of solution com-
pared with that removed in the first and last two-liter portions. 
N itrification of urea and ammonium sulfa te affected the solubility of 
phosphorus differently in the two soils. The amounts of P 20 5 removed 
in two liters of percolate from Soil 1 we re not affected significantly at any 
stage of incubation . Leaching with 10 liters of solution after 14 weeks' 
incubation gave similar results. The P 20 5 removed in two liters of per-
colate from Soil 4 increased progressively with incubation . At 14 weeks 
there were 28.6 and 61.6 per ce nt increases in the P 20 5 removed in 10 liters 
d ue to the urea and ammonium sulfa te treatments respecti vely. 
The organic materials performed in an entirely diffe rent manner. All 
of the materials resulted in increases in the P 2 0 5 removed in two liters 
of percolate from Soil 1. T he increases varied with the material and the 
stage of incubation. In general the materials high in phosphorus gave large 
increases, while those low in phosphorus resulted in much smaller in-
creases. It is apparent that the increases resulted from a release of the 
phosphorus from the orga nic materials. An increase in solubility of the 
na ti ve soil phosphorus would not be expected since the pH was not 
changed and the urea and ammonium sulfa te treatments fai led to increase 
the solubility even though they decreased the pH. 
In Soil 4 also, the amounts of P 2 0 5 removed in two li te rs of percolate 
were increased by the orga nic materials. H owever, larger increases were 
obtained fo r the ammonium sulfa te treatment than for any of the organic 
materials except manure. Urea gave increases similar to those for sugar 
beet tops, alfa lfa tops, and alfa lfa roots. Wheat straw and potato tops 
gave lower increases. Even though urea and ammonium sulfa te lowered 
the pH sufficiently to increase the solubility of phosphorus in Soil 4, it 
does not seem likely that the decomposition of the orga nic materials would 
TABLE 5.-Efjects of application of crop residues, manure, urea, and ammonium sulfate on the P2 0 5 removed by two 
liters of percolate from Soils 1 and 4. Data are in parts P2 0 5 per million of soil. 
No Wheat l Potato I Sugar I Alfalfa I Alfa lfa Horse l Urea Ammo11iur11 Incubation I trea tment straw tops beet tops roots tops manure sul fa re 
period in T otal ppm. P205 added 
weeks 
None 40 54 63 69 81 181 None None 
P20~ REMOVED IN TWO LITERS OF PERCOLATE (ppm.) 
SOIL 1 
2 2.30 3.47 2.29 2.92 3.2 l 3.73 30 .87 2.55 2.26 
4 2.08 2. 19 2.49 2. 18 2.83 3.32 33.94 2.25 1.9 l 
6 2.68 3.56 2.68 4.11 3.65 4.41 27.52 2.36 2.29 
8 2.26 3.70 4. 1 l 6.13 5.37 5.64 33 .74 2.78 2.32 
JO 2.28 3.73 3.34 4.74 4.8 1 4.85 29.50 2.26 2.18 
12 2.57 2.23 2.89 3.96 3.61 4.03 22.42 I.SO 1.83 
14 2.86 4.00 3.56 5.10 5.26 4.73 31.07 2.5 l 2.36 
SOIL 4 
2 12.41 19.1 l 19.46 17.46 18.37 20.29 125.39 18.9 [ 19.36 
4 11.23 24.59 20.6[ 24.53 23.94 27 .12 128.40 21.2 l 28.82 
6 14.46 22.17 19.73 19.04 22. 15 23.14 120.80 25.76 27.87 
8 14.00 18.02 20.05 24.29 23.73 24.6[ 117.14 24.78 35.61 
10 15.l l 17.53 15.04 19.64 19.77 22.39 92.80 19.24 26.36 
12 16.10 14.22 17 .00 19.25 19.68 19.82 9 l.41 20.51 30.82 
14 17.39 23.78 23.53 24.68 27.15 29.66 11 5.57 27. 85 39.67 
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TABLE 5.-Effects of application of crop residues, manure, urea, and ammonium sulfate on the P20 5 removed by two ~ 
liters of percolate from Soils 1 and 4. Data are in parts P2 0 5 per million of soil. ( Continued.) ~ 
'""I 
No I Wheat I Potato J Sugar I Alfalfa I Alfa lfa I Horse !I U I Ammonium g 
Incubati_on I treatment straw tops beet tops roots tops manure . rea su lfa te ~ 
period rn 
weeks Tota l ppm. P205 added ~ 
None 40 54 63 69 81 181 None None ;:l 
:,:, 
INCREASE OR DECREASE ( - ) OF P20;; (ppm.) ~ 
SOIL 1 ~ 
2 . . . . 1.17 -·0.01 0.62 0.91 1.43 28.57 0.25 -0.04 ., 
4 0. 11 0.41 0.10 0.75 1.24 3 1.86 0.17 - 0. 17 ~ 
6 0.88 0.00 1.43 0.97 1.73 24.84 - 0.32 - 0.39 ;:i 
8 1. 44 1.85 3.87 3. 11 3.38 31.48 0.52 0.06 0 
10 1.45 1.06 2.46 2.53 2.57 27.22 - 0.02 -0. 10 Z 
12 - 0.34 0.32 1.39 1.04 1. 46 19.95 -0.77 - 0.74 ~ 
14 1.14 0.70 2.24 2.40 1.87 28.21 - 0.35 - 0.50 g; 
t,j 
SOIL 4 i;; 
2 6.70 7.05 5.05 5.96 7.88 11 2.98 6.50 6.95 ~ 
4 13.36 9.38 13.30 12.71 15.89 117.17 9.98 17.59 
6 8.31 5.27 4.58 7.69 8.63 106.34 11.30 13.41 g; 
8 4.02 6.05 10.29 9.78 10.61 103.13 10.78 21.61 [: 
10 2.42 - 0.07 4.53 4.66 7.28 77.69 4.13 11.25 t,, 
12 - 1.88 0.90 3.1 5 3.58 3.72 75.31 4.41 14.72 g 
14 6.3 9 6.1 4 7.31 9.76 12.27 98.1 8 10.46 22.28 ..... 
-w 
TABLE 6.- Effects of applications of crop residues, manure, urea, and ammonium sulfate on the phosphorus removed 
in 10 liters of solution from Soils 1 and 4 after 14 w eeks' incubation. Data are in parts P2 0 5 per million of soil. 
No I Wheat I Potato I Sugar I Alfalfa I Alfa lfa I Horse I Urea I Ammonium P205- I treatment straw tops beet tops roots tops manure sulfate ppm. T otal ppm. P205 added 
None 40 54 63 69 81 181 None None 
"cl 
SOIL l :i; 0 
First 2 ~ 
li ters 2.86 4.00 3.56 5.10 5.26 4.73 31.07 2.51 2.36 :i; 0 
Last 2 :,d 
liters 3.73 4.47 3.65 5.93 5.60 5.91 16.44 3.68 3.63 C1 V, 
IO liters 18.85 24.10 21.06 29.88 32.95 31.28 123.46 18.38 18.71 z 
Increase 
>-IO liters 5.25 2.21 11.03 14.10 12.43 104.61 - 0.43 -0.14 t" 
Recovery ~ 
added P205 (% ) 13.l 4.1 17.5 20.4 15.3 57.8 - 2.31 - 0.81 ~ 
SOIL 4 z t'1 
First 2 (/J 
liters 17.39 23.78 23.53 24.68 27.15 29.66 115.57 27.85 39.67 0 r= Last 2 V, 
liters 6. 15 7.48 6.02 7.32 4.98 7.73 8.52 4.52 3.07 
10 li:ers 45.1 l 56.1 6 53.02 63.67 58.39 67.89 185.34 58.02 72.68 
Increase 
l O liters 11.05 7.91 18.56 13.28 22.78 140.23 12.9 1 27.57 
Peco very 
added P205 (% ) 27.6 14.7 29.5 19.2 28.l 77.5 28.6' 61.1 ' 
1 Decreased solution of nalive soil phosphorus . !l Increased solution of native soil phospho rus . 
...... 
'-I 
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do so since they did not affect the pH. Thus it seems safe to assume that 
the increases in soluble phosphorus from the addition of organic materials 
is due to the release of phosphorus from those materials. 
A study of the data in Table 6 shows a considerable difference in the 
rate of removal of phosphorus from the two soils. In Soil 1 the con-
centration of P 20 5 in the last two liters of percolate was simila r to that 
removed in the first two liters except from the manure-treated sample. In 
the latter case the concentration in the last two liters was about one-half 
that in the first two liters. However, for all the treatments in Soil 4 the 
amounts of P 20 5 removed in the last two liters were much less than the 
amounts removed in the first two liters. The reduction was much more 
noticeable in the manure-treated samples than the others. The urea and 
ammonium-sulfate treatments resulted in lower removals of P 20 5 in the 
last two liters than from the last two liters of the untreated sample. Ap-
parently the more soluble mineral phosphates were made soluble by the 
urea and ammonium-sulfate treatmen ts and were quickly removed from 
the soil by leaching. 
Soil Solution 
Table 7 shows the P 20 5 and calcium contents of the displaced soil 
solutions at the 14 weeks' incubation period. The nitrate contents and pH 
T ABLE 7.-Efjects of applications of crop residues, manure, urea, and am-
monium sulfate on pH and nitrate content of the soil, and the calcium 
and P2 0 5 contents of the soil solution. Data are in parts N. Ca, and 
P2 0 5 per million of soil. 
Total Total After 14 weeks ' incubation 
Treatment nitrogen P205 pH of Nitrate Soil sol ution 
added added so il conte nt 
of soil Ca P205 
ppm. ppm. ppm. ppm . ppm. 
of N 
SOIL 1 
None None None 8.4 65 42 0.04 
Wheat straw 126 40 8.4 2 47 0.22 
Potato tops 322 54 8.3 81 94 0.09 
Suga r beet tops 363 63 8.5 98 132 0.09 
Alfa lfa roots 286 69 8.4 56 52 0. 19 
A lfalfa tops 423 81 8.3 156 101 0.14 
H orse n1anu rc 195 181 8.4 5 70 0.78 
Urea 350 None 7.9 389 317 0.07 
Ammonium sul fate 350 None 7.7 294 425 0.07 
SOIL 4 
None None None 7.3 80 31 0.08 
W heat straw 126 40 7.4 2 55 0.23 
Potato raps 322 54 7.3 56 127 0. 11 
Suga r beet tops 363 63 7.6 86 140 0.11 
Alfa lfa roots 286 69 7.4 55 61 0.22 
Alfalfa tops 423 81 7.3 11 6 124 0.17 
Horse manure 195 181 7.6 2 22 3.20 
Urea 350 None 6.3 364 91 0.08 
Ammonium sulfate 350 No ne 5.2 282 285 0.35 
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determinations of the soils are reported for the same period. The data 
obtained for the eight-week period were quite similar. 
The organic materials increased the P20 5 contents of the displaced 
soil solution in both Soils 1 and 4. It is interesting to note that the 
concentrations are similar in both soils with the exception of the manure-
treated sample. In the latter instance the concentrations are appreciably 
greater in Soil 4. The data indicate that the concentrations of P20 5 in the 
soil solutions are directly related to the P 20 5 contents of the applied 
material and inversely related to the calcium contents of the soil solution. 
Potato tops contain more phosphorus than wheat straw but the P 20 5 con-
centration in the soil solution and the P 20 5 removed by two liters of per-
colate are lower. This may be due to the larger amount of calcium made 
soluble by the decomposition of the potato tops. 
Urea and ammonium sulfate had no appreciable effect on the P205 
content of the displaced soil solution of Soil 1, and urea had no effect on 
the P20 5 content of the soil solution from Soil 4. However, the ammonium 
sulfate increased the P 20 5 content of the soil solution from Soil 4 con-
siderably. This latter treatment lowered the pH of the soil to 5.2 at the 
last sampling period. 
Discussion 
It is obvious from the results obtained in the studies in both Series 1 
and 2 that two entirely different phenomena are involved in the increased 
amounts of P20 5 obtained from decomposition of organic materials and 
the nitrification of urea and ammonium sulfate. With the latter materials, 
the increased solubility is correlated with an increase in acidity. In cal-
careous soils the acids produced by the decomposition of these materials 
would first attack the calcium carbonate and thus there would be only 
small amounts, if any, available to dissolve the native soil phosphate. Large 
quantities of calcium would become soluble. At the same time the pH 
of the calcareous soil would not be sufficiently lowered to allow an in-
creased content of soluble phosphorus in the presence of large quantities 
of soluble calcium. In the absence of carbonates or where only small 
quantities are present the pH of the soil may be sufficiently lowered to al-
low for an increased solubility of the native phosphates in the presence 
of considerable soluble calcium. 
The fact that the decomposition of crop residues and manure in the 
alkaline soils studied did not affect the pH while at the same time the 
soluble calcium was greatly increased indicates that these materials have 
no appreciable effect on the solubility of the native phosphorus compounds. 
In addition, much larger increases of soluble phosphorus due to the 
application of organic residues would be expected if the increases were in 
part due to the solubility of the native phosphates. 
The increases in soluble phosphorus due to the applications of organic 
materials depend chiefly upon the amounts of phosphorus added in the 
materials. Thus, wheat straw and potato tops gave smaller increases than 
such materials as sugar beet tops, alfalfa tops, and alfalfa roots. The 
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application of horse manure gave much larger increases than any of the 
other materials and it was considerably higher in total phosphorus. The 
fact that potato tops and alfalfa tops released less phosphorus in calcareous 
soils than would be expected from their phosphorus contents indicates that 
some other factor affects the amount of phosphorus made soluble. These 
same materials produced a larger quantity of nitrates and increased the 
soluble calcium more than did the other materials. Apparently, the larger 
quantity of soluble calcium caused a greater precipitation of the phosphorus 
released from these materials. 
GENERAL SUMMARY 
A study is reported on the effects of the decomposition of organic 
matter on the solubility and fixation of phosphorus by alkaline soils. In 
one series of experiments urea and sugar beet tops were applied in equiv-
alent amounts of nitrogen with and without treble superphosphate to two 
calcareous and two non-calcareous alkaline soils. The calcareous soils 
responded to phosphate applications in the field while the non-calcareous 
soils were non-responsive to phosphate applications. In another series 
wheat straw, potato tops, sugar beet tops, alfalfa roots, alfalfa tops, horse 
manure, urea, and ammonium sulfate were added to one calcareous and 
one non-calcareous soil. These materials were allowed to decompose in the 
soil under uniform conditions for various periods up to 22 weeks. The 
phosphorus removed in two liters of solution by percolation with a solu-
tion buffered to the pH of the soil, the nitrate nitrogen, and the pH of 
the soil were determined for each period of incubation. The calcium and 
phosphorus contents of the soil solution were determined twice, and the 
phosphorus removed by 10 liters of solution was determined at the last 
incubation period. 
The nitrate supply was greatly reduced throughout the experiment by 
the organic materials low in nitrogen, such as wheat straw and horse 
manure, slightly reduced by alfalfa roots and potato tops, and increased 
by sugar beet tops and alfalfa tops. Urea and ammonium sulfate were 
quickly and completely nitrified in the soils. 
Crop residues and manure had no appreciable effect on the pH of the 
soils. Both urea and ammonium sulfate caused a lowering of the pH. 
The nitrification of urea and ammonium sulfate had no appreciable 
effect on the phosphorus removed from the calcareous soils but caused 
decided increases for the non-calcareous alkaline soils. Urea accelerated the 
fixation of applied phosphate. 
Crop residues increased the soluble phosphorus in all the soils studied. 
Horse manure increased the soluble phosphorus much more than any of 
the other materials. In general, the increases were greater for those 
materials with a higher phosphorus content. The decomposition of sugar 
beet tops retarded the fixation of applied phosphate. 
The calcium content of the soil solution was greatly increased by the 
urea and ammonium sulfate treatments, moderately increased by alfalfa 
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tops, sugar beet tops, and potato tops, and slightly increased by the other 
organic materials. 
The phosphorus contents of the soil solutions were not appreciably 
affected by the addition of urea and ammonium sulfate. The phosphorus 
content in the soil solution was increased by the addition of organic 
material. 
The results of these studies indicate that the increases in soluble phos-
phorus due to applications of crop residues and manure to alkaline soils 
are largely due to the phosphorus released from the organic materials and 
not to a solubility of the native soil phosphorus. 
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